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Abstract 

We show that requiring unbroken supersymmetry everywhere in black-hole- type 
solutions of N = 2, d = 4 supergravity coupled to vector supermultiplets ensures in 
most cases absence of naked singularities. We show that the requirement of global 
supersymmetry implies the absence of sources for NUT charge, angular momentum, 
scalar hair and negative energy, for which there is no microscopic interpretation in 
String Theory. These conditions exclude, for instance, singular solutions such as the 
Kerr-Newman with M = \q\, which fails to be everywhere supersymmetric. There are, 
nevertheless, everywhere supersymmetric solutions with global angular momentum 
and non-trivial scalar fields. 

We also present similar preliminary results in N = l,d = 5 supergravity coupled 
to vector multiplets. 
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1 Introduction: the 1992 SUSY versus cosmic cen- 
sorship conjecture 

A possible relation between cosmic censorship and supersymmetry follows from the ob- 
servation that in the simplest supergravity theories the BPS bound coincides with the 
condition of existence of event horizons in static black-hole-type solutions. Thus, for the 
Schwarzschild solution, which is a solution of pure N = 1, d = 4 supergravity, the BPS 
bound M > ensures the existence of a regular horizon. When the bound is saturated 
M = 0, there is unbroken supersymmetry and a regular solution: Minkowski spacetime. 
The Reissner-Nordstrom solution 



ds 2 = (r r+)(r r_) rff2 _ r 2 -dr 2 -r 2 dtf 2) , r ± = M±^M 2 -q 2 , (1) 

{y — T_|_J(T — T ' ~ 



is a solution of pure N = 2,d = 4 supergravity and has a regular event horizon for M 2 > q 2 , 
which is the BPS bound. When the bound is saturated, there is unbroken supersymmetry 
and a regular solution: the extreme Reissner-Nordstrom black hole. 

It was then proposed that supersymmetry works as a cosmic censor The conjecture 
is supported by the relation between these two concepts and the positivity of the energy. 

It was, however, quickly realized that the conjecture fails for the simplest black-hole- 
type stationary supersymmetric solutions of pure N = 2, d = 4 supergravity, which have 
the general form [21 El S] 

ds 2 = \V\ 2 (dt + uj) 2 - {Vl^dx 2 , 

(2) 

where du = i * (3) \V\- 2 [V- 1 dV- 1 - V^dV- 1 } , and V^V" 1 = . 

For instance, the extreme Reissner-Nordstrom- Taub-NUT solution [5J, which is character- 
ized by the complex harmonic function 

V~ x = 1 + + lN => to = 2N cos 6d<f>, (3) 
r 

has wire singularities at 6 = 0, ir. They are always associated to the integral 

duj = / d 2 u = -8ttN , (4) 
ess J s 3 

and can be removed, but only at the expense of asymptotic flatness [B]. 

Another example is provided by the supersymmetric (M = 1^1) Kerr-Newman solution 
[HE] J = Ma, characterized by 

= , = (5) 

a/x 2 + y 2 + (z — ia) 2 
which has a naked singularity in the ring x 2 + y 2 = a 2 , z = 0. 
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Finally, the multipole solutions of this theory 



^ = i+£^> («) 



always seem have wire singularities associated to the points at which d 2 u ^ 0, which can 
be seen as sources of NUT charges N n , and there seems to be no choice of M n ,N n ,x n 
that eliminates them. It was then conjectured by Hartle and Hawking [9] that the only 
regular black-hole solutions of this class were the Papapetrou-Majumdar [TQl E] solutions 
(N n = , Vn) describing static extreme Reissner-Nordstrom black holes in equilibrium 



Observe that, coinci dentally, no microscopic String Theory descriptions of NUT charge 
or angular momentum (preserving supersymmetry) seem to exist. 

We will show that, actually, only the regular solutions which can be described by String 
Theory are truly supersymmetric everywhere. 



2 The 2006 SUSY versus cosmic censorship conjec- 
ture 

The explicit knowledge of the most general supersymmetric black-hole-type solutions of 
iV = 2, d = 4 SUGRA theories [T3"t [T4"] has led as to reformulate the 1992 conjecture ex- 
tending the requirement of supersymmetry to the sources that give rise to the macroscopic 
fields [15J. The conjecture says now that supersymmetric, asymptotically-flat, black-hole- 
type solutions satisfying the following conditions will be regular black holes without naked 
singularities: 

I The solutions must be everywhere supersymmetric. In particular this implies that 

1. The integrability conditions of the Killing spinor equations (KSIs [16| fT7]) must 
be satisfied everywhere. We will see that this always requires d 2 u = every- 
where. 

2. The masses of each of the sources of the solutions should be positive. 
II In presence of scalars, the attractor equations [El HHJ [20l [21] 

DiZ\ zi=Z i = . 

fix 

must be satisfied at each of the sources for admissible values of the scalars (no hair) 
and the value of the central charge must be finite. 

These conditions should be enough to ensure the finiteness and positivity of — g rr every- 
where. Now let us see how these conditions select regular solutions that can be described 
microscopically by String Theory. 
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2.1 Pure N = 2, d = 4 SUGRA 



The KSIs are relations between the equations of motion of the bosonic fields = 5S/5g^ v , 
= SS/SAfj, evaluated on supersymmetric configurations. For black-hole-type configura- 
tions they are [H] 

(7) 

£00 = Me[e- ia (E° -i*B )]. 

If we deal with classical solutions, then £^ u = = and, where this is not so, (singu- 
larities), we can think on the presence of sources. Then the KSIs become constraints for 
supersymmetric sources: 

• S 0m = => no sources of angular momentum or NUT charge. 

• S m = *B m = =>- no sources of electric or magnetic dipole momenta. 

• 3m[e" !a (^° — i*B )] ~ drou = =^ no sources of angular momentum or NUT charge. 

These are precisely the supersymmetric sources String Theory does not account for. This 
excludes automatically the pathological solutions that we studied in the introduction be- 
cause all of them correspond to sources of angular momentum, NUT charge or dipole 
momenta. 

It should be stressed that Solutions with global angular momentum and dipole momenta 
are not excluded a priori, but their sources must be static electric and magnetic monopoles 
(Reissner-Nordstrom black holes). This is exactly the opposite to what happens with 
nuclear magnetic dipole momenta which always correspond to dipole sources (spin) and 
not to pairs of magnetic monopoles [22]. It is, however, possible to show that in pure 
iV = 2, d = 4 supergravity multipole sources such as those in Eq. (jHJ) satisfying all the 
supersymmetry constrains will only give rise to static fields, proving the conjecture made 
by Hartle and Hawking [0]. 

To have solutions with angular momentum we need to add matter fields. 

2.2 N = 2, d = 4 SUGRA coupled to vector multiplets 

The KSIs are basically identical to those of the pure supergravity theory but now they 
contain symplectic-invariant combinations of electric and magnetic charges and dipole mo- 
menta. Again, one of them is related to the condition d 2 uj = which is the integrability 
condition of the differential equation defining 10 (231 Elj- 

Now there is a new KSI involving the equations of motion of the scalars £j» = 5S/5Z* 1 *: 

(Z4 | £°) = ±e- ia £ i .. (8) 

This equation means that when the attractor equations are satisfied, which is one of the 
conditions that we require, the l.h.s. vanishes everywhere and then, by supersymmetry, the 
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r.h.s. also vanishes and there are no scalar sources. It is not known how to account for 
these sources in String Theory. 

It is worth giving an explicit example of how the conditions we impose lead in this 
context to regular solutions. Let us consider the simple prepotential JF = —iX^X 1 : choose 
the four real harmonic functions 

■L — ~7E H 1 > Xo — , 

V2 T\ r 2 r 2 

ji = + ^ + Zl = _J__± + ±, (9) 

\/2 n r 2 ' 4a/2 n r 2 ' 

n,2 = |a?-xi )2 |, 

where g > 0. With this choice we get the metric component 

9^ , lOv^g , IQq 2 , 8q 2 AOq 2 

- g rr = H 1 1 =- + -5- H , (10) 

ri r 2 rir 2 

which is finite everywhere outside r 12 = 0, the positions of the would-be sources which in 
the end are regular horizons. In particular the "mass" of each of the two objects is positive 

M 1 = 9q/V2, M 2 = $V2q, M = M 1 + M 2 = 19g/V2 . (11) 

In the ri j2 — > limits we find spheres of finite areas 

^ = 16q 2 = 2|Z fiXil | 2 , ^ = 8q 2 = 2|Z fix , 2 | 2 . (12) 



To have zero NUT charge, we must fix 



12^2?, (13) 



r 12 = \x 2 - X\\ 

and we get a finite global angular momentum given by 

\J\ = 12q 2 . (14) 

The origin of this angular momentum is the angular momentum of the electromagnetic 
fields, which is due to the simultaneous presence of electric and magnetic charges. There- 
fore, it is naturally quantized. 

2.3 Preliminary results in N = 1, d = 5 SUGRA 

In this theory the KSIs are qualitatively different, which is to be expected since in d — 5 
there are regular supersymmetric rotating black holes and black rings [2*5112*5] . In particular 
we have a KSI of the form [27] 

gmo _ _&j l igm ^ — y source of angular and electric dipole momenta are related. (15) 
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The metrics of all supersymmetric black holes and rings are of the form [2E1 I2H1 SO] 

ds 2 = f 2 {dt + u) 2 - f- l h mi dx m dx n , (16) 

and the information about "NUT charge" (its d — 5 equivalent), angular momentum etc. 
is, again, contained in the 1-form uj which is determined by a differential equation in duo. 
The above KSI turns out to be the integrability of the u equation: 

Again, requiring supersymmetry everywhere in these 5-dimensional theories implies that 
the integrability condition d 2 u = everywhere, but now, as different from what happens 
in d = 4, this does not imply total absence of sources of angular momentum, but a specific 
relation between these and electric dipole sources. We have checked that the regular 
supersymmetric BMPV black hole [22] and ring [25] solutions do satisfy the integrability 
condition d 2 u = everywhere. 

3 Final comments 

Some problems have been left aside in the above discussion. 

Why do we impose the attractor equations? Sometimes there is no attractor, but the 
KSI Eq. OH]) is still satisfied. This is typically what happens for small black holes, but in 
that case they seem to always satisfy a new quantum-corrected attractor equation and the 
quantum-corrected geometry is regular [3"T] . 

There are other possible pathologies of a supersymmetric solution that do no seem to 
be eliminated by our conditions. The most important of them is the existence of closed 
timelike curves (CTCs) in some 5-dimensional solutions. The everywhere regular (it is 
a Riemannian homogenous space) and maximally supersymmetric Godel solution of n = 
1, d — 5 supergravity has CTCs and it is not clear how the should be interpreted. 

Finally, the Calabi-Yau compactifications that give rise to d = 4, 5 supergravities with 
8 supercharges give not only vector multiplets but also hypermultiplets. While it is always 
consistent to truncate them, these truncations do not correspond to the generic situation 
and the modifications induced by turning on the hyperscalars need to be studied in depth. 
The first steps in this direction have been taken in [321133] . where the all the supersymmetric 
solutions of these ungauged supersymmetric theories with hypermultiplets have been found. 
In [33] an asymptotically flat 1/8 supersymmetric "deformation" of the 1/2 supersymmetric 
d = 5 Reissner-Nordstrom solution induced by the presence of non-trivial hyperscalars was 
constructed and found to be singulajfl. 
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